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Preface
This publication is derived from a comprehensive analysis and summary
of work under Experiment Station Project H-1104, "Factors Affecting
Water Yields from Small Watersheds and Shallow Ground Aquifers."
Louisiana Project H- 1 104 participated in Regional Project S-53, which was
estabhshed as a coordinating body for a Southern Region study of surface
and ground water hydrology of small agricultural watersheds. This re-
gional project was initiated in July, 1962. Objectives were (1) to correlate
runoff rates and yields to watershed characteristics, and (2) to correlate
shallow ground water yields to site and climatic conditions. Project H- 1 104
was concluded in June, 1975. Project records indicate that the following
persons participated in the project during its 13-year life: J. B . Allen, H. T.
Barr, H. L. Barousse, H. J. Brand, C. E. Carter, J. L. Chesness, M.
Fairchild, E. A. Landry, S. T. Lin, W. F. Lytle, R. L. McFall, J. W. D.
Robbins, W. Talbot, and J. E. Wimberly.
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Runoff from a Pastured Watershed
In Louisiana
Tom S. Chisholm^
Introduction
Knowledge about runoff rates and volumes can be of value to many
people. When rainfall occurs, an agricultural landowner would like to
retain as much water as he can effectively utilize and dispose of the excess
water with minimum cost and inconvenience. To accomplish this objec-
tive, the landowner needs information about rainfall and runoff patterns.
Likewise, persons downstream are affected by runoff from upstream
watersheds. Attention is frequendy focused on downstream flooding or
water shortages. However, these situations can be best understood and
controlled if thorough consideration is given to upstream conditions.
The agricultural sector can play a major role in achieving more effective
utilization of our soil and water resources. It is necessary that the agncul-
tural industry develop practices that will increase water use efficiency
and
at the samenime enhance dependability of water yields for downstream
users. Prerequisite to such practices is a more basic understandmg of
the
factors affecting the hydrologic response of agricultural watersheds.
In engineering literature there are numerous empirical and semiempiri-
cal formulas that were developed to predict runoff volumes and peak rates.
Chow (7)2 made a thorough review of 66 such methods of runoff computa-
tion. Kuichling (5 ) was apparendy the first to utilize the rational formula
in
which peak discharge rate is given as a function of the dramage area,
rainfall intensity, and a runoff coefficient that characterizes the physical
features of the drainage area. Cook (2) pursued another approach that
predicted peak runoff rates based upon the watershed characteristics of
relief, infiltration, vegetal cover, surface storage, and area. Recently a
number of hydrologic models have been developed. Gray (4), Crawford
and Linsley (3 j , Wei f7j , and others have developed models that synthesize
hydrographs and predict overland flow. Actual watershed records are
required to adjust these models for predicting the response of small agncul-
tural watersheds. Similarly, quantitative measurements are required
to
establish relationships between physical characteristics and model
parameters. u
This report should contribute in at least a small way to the better
understanding of the hydrologic performance of a small relatively flat
^Assistant Professor, LSU Department of Agricultural Engineering, Baton Rouge,
italic numbers in parentheses refer to Literature Cited, page 10.
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watershed that is maintained in pasture. Various items in this report may be
of interest to landowners, water control designers, and researchers. In
addition to the information contained in the main body of the report,
considerable amounts of basic data are also presented in the appendices.
Objective
The objective of Louisiana Project H-1104 was to correlate runoff rates
and volumes to rainfall rates and volumes for a relatively flat 50-acre
pastured watershed in southern Louisiana.
Procedure
In 1962 this watershed study was initiated on a 50-acre pastured area at
the Ben Hur Farm in Baton Rouge, Louisiana. The land slope was approx-
imately 0.3 percent, and all runoff drained through a single outlet. Three
recording rain gauges provided information on rainfall amounts and rates; a
recording H-flume gave data on runoff rates and durations. The details
associated with the watershed and its instrumentation are contained in
Appendix A.
Analysis was made of 43 storms that occurred during the period 1966
through 1969. Records were not complete for all storms that occurred
during this 4-year period, but storms covering all seasons of the year are
included, with rainfall amounts varying between 0.20 and 6.80 inches per
storm.
For each of the 43 storms the following data are listed in Appendix B:
1
. Storm number.
2. Date
3. Rainfall amount in inches.
4. Rainfall duration in minutes.
5
.
Rainfall 30-minute duration maximum intensity in inches per hour.
6. Runoff amount in inches.
7. Runoff peak rate in inches per hour.
8. Number of minutes that runoff exceeded a rate of 0.001 inches per
hour.
9. Number of minutes that runoff exceeded a rate of 0.010 inches per
hour.
1 0
.
Number of minutes from rainfall start to runoff peak for storms with
reasonably uniform rate of precipitation.
1 1
.
Number of minutes from rainfall peak to runoff peak for storms with
clearly defined peaks.
In addition, basic weather data was available from a station approxi-
mately one-half mile from the watershed. The following monthly summary
.
data are given in Appendix C:
1
.
Average temperature in degrees Fahrenheit.
2. Rainfall in inches.
3. Pan evaporation in inches.
4
4. Wind movement in miles.
Results
The basic rainfall and runoff data for the 43 storms were analyzed using
various techniques in an attempt (1) to gain insight into the relationships
between rainfall, runoff, and watershed characteristics, and (2) to express
some of these relationships in forms that might be useful to other persons.
First, two generalized graphs will be presented that were obtained by
considering all the storms together. Next, two specific storms will be
discussed to give some indication of the variation in watershed responses.
Finally, comparisons will be made between this study and a similar study
that was conducted on nearby cropland.
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Figure 1.—Relationship between rainfall amount and runoff amount.
Figure 1 depicts a generalized relationship between rainfall amount and
runoff amount. This linear regression relationship could be thought of as an
"average" response of the watershed, with a reasonably high correlation
coefficient of 0.841. The graph indicates that a rainfall of less than 0.5
inches would not normally result in appreciable runoff, whereas a 4-inch
rainfall could be expected to result in almost 2 inches of runoff. Likewise,
Figure 2 shows a generalized relationship between rainfall amount and
runoff peak rate. This graph indicates that the watershed acts to prevent
high runoff rates. For example, consider the 4-inch rainfall and 2-inch
runoff just mentioned. Two inches of runoff would be expected to dis-
charge from the watershed, but Figure 2 indicates a maximum discharge
rate of 0.3 inches per hour. It is desirable to have a low peak runoff rate
because smaller drainage channels can be used. Basically, Figure 1 indi-
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Figure 2.—Relationship between rainfall amount and runoff peak rate.
cates the amount of runoff that can be expected from a rain storm, and
Figure 2 indicates the maximum rate of runoff that can be anticipated.
These graphs could be used to derive approximate estimates of runoff
amounts and peak rates for watersheds similar to the one that was studied.
Figure 3 shows rainfall and runoff rates vs. time for two specific storms.
It will be noticed that total area under each curve is directly proportional to
total amount of rainfall or runoff as applicable. Figure 3a is from a gende
rainfall on moist soil, resulting in high runoff. Figure 3b is from a heavy
rainfall on dry cracked soil, resulting in low runoff. Summary data for the
two storms are given in Table 1. For the winter storm (Figure 3a), the
runoff amount was 67 percent, and the runoff peak rate was 37 percent of
Table 1 .—Data summary for the two specific storms represented in Figure 3
Type of information Fig. 3a Fig. 3b
Storm number 13 34
Dote 1-13-67 6-18-68
Soil moisture regime moist dry
Rainfall amount (inches) 0.95 2.45
Rainfall duration (minutes) 91 218
Rainfall 30-minute duration maximum intensity (in./hr.) 0.77 2.29
Runoff amount (inches) 0.64 0.36
Runoff duration (minutes) 1660 1000
Runoff peak rate (in./hr.) 0.285 0.063
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Figure 3.—Rainfall and runoff rates vs. time for two specific storms.
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Figure 3a.—Gentle rainfall on moist soil, resulting in high runoff.
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Figure 3b.—Heavy rainfall on dry cracked soil, resulting in low runoff.
the 30-minute duration maximum intensity rainfall. The first value relates
runoff amount to rainfall amount; the second value relates runoff rate to
rainfall rate. The corresponding values for the summer storm (Figure 3b)
were 15 percent for the amount and 3 percent for the rate. These watershed
responses illustrate two characteristic extremes. In the winter it is common
for the soil to remain very moist due to low evaporation, and storms tend to
be of low intensity. By contrast, in the summer deep cracks frequently form
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Figure 4.—Relationship between rainfall amount and runoff amount for pasture and
for cropland.
in the soil because of its high content of montmorillonite clay, and storms
tend to be of high intensity. Figure 3 illustrates the pronounced effect
app. jentiy caused by soil cracking, but this effect does not eliminate the
usefulness of the relationships indicated in Figures 1 and 2. Figures 1 and 2
give reasonably good "average" estimates based only on simple relation-
ships with rainfall. Figure 3 would tend to indicate that more complex
relationships involving antecedent soil moisture would give more accurate
estimates for specific storms on this watershed. Some soil moisture infor-
mation was recorded in this study, but complete data were not maintained.
An additional observation can be made from Figure 3a. If it is considered
that a uniform rainfall occurs until the runoff peak rate is reached, then a
time of concentration for the watershed can be estimated at approximately
90 to 100 minutes.
Figures 4 and 5 allow comparisons to be made between this watershed
study and a similar study by Laflen and Saveson (6) which was conducted
on nearby cropland. The cropland was precision graded to have slopes
ranging between 0. 10 and 0.25 percent in the direction of the rows, which
ranged in length from 500 to 1 , 100 feet; the reported data available were for
a period 1962 through 1964. Figure 4 indicates that similsir amounts of
runoff can be expected from the pasture and the cropland, but Figure 5
indicates that much grQaierpeak rates of runoff can be anticipated for the
cropland. In Figure 5 the regression line for pasture has a low correlation
coefficient (0.33 1 ), but this Hne was presented mainly for comparison with
the regression line for cropland, which was reported in this manner and had
a correlation coefficient of 0.86. For the pasture data, runoff peak rate is
apparently better related to rainfall amount as indicated in Figure 2.
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Figure 5.—Relationship between rainfall intensity and runoff intensity for pasture
and for cropland.
Summary
A watershed study was established on 50 acres of pastured land that had a
slope of approximately 0.3 percent. Analysis was made of rainfall and
runoff data from 43 storms that occurred during the period 1966 through
1969. Records were not complete for all storms that occurred during this
4-year period, but storms covering all seasons of the year were included.
Some observations are:
1. Maximum rainfall amount for a storm was 6.80 inches, which re-
sulted in the maxim.um runoff of 3.33 inches and the highest peak runoff
rate of 0.592 inches per hour. From a probability standpoint, this storm
would have a return frequency of 3.9 years.
2. For the 43 storms, the total rainfall was 56.98 inches and the total
runoff was 19.72 inches, indicating that the runoff was 34.6 percent. For
storms that occurred during the period October through March, the corres-
ponding percent was 60.7; for storms that occurred during the period April
through September, the corresponding percent was 25.3.
3. For the 43 storms, the average rainfall duration was 8.9 hours and the
average runoff duration was 25.1 hours. For storms that occurred from
October through March, the average rainfall duration was 18.3 hours. For
storms that occurred from April through September, the average rainfall
duration was 5.5 hours.
4. The longest duration of runoff was 152 hours, which resulted from a
rainfall of 2.85 inches with a duration of 82.3 hours on a very wet soil. The
runoff amount was 2.77 inches, or 97 percent of the rainfall amount.
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APPENDIX A
Detailed Description of 50-acre Pastured Watershed
Location: East Baton Rouge Parish, Baton Rouge, Louisiana, Township 8 South, Range 1
West.
Area: 50 acres (rectangular, 1,000 feet x 2,200 feet).
Slopes: Graded to 0.3 percent.
Soils:. Mixed silty and clay recent alluvium of the Mississippi River.
Avg.
Description
Soil Percent depth
profile of area (in.)
Type Structure Permeability
(in./hr.)
Commerce 66 4 Loam Med. granular
0.06
loam
12 Clay loam Coarse platy 0.53
18 Fine sandy loam Med. blocky 0.12
27 Clay loam Weak blocky 1.00
Mhoon silty 34 3 Silty clay loam Med. granular
0.21
clay loam
7 Clay loam Med. platy 0.21
14 Silty clay loam Weak blocky 0.01
23 Clay loam Massive friable 0.01
Erosion: Erosion Class One.
Land Capability: Class One.
Geology: The recent alluvium is a huge mass of stream deposits that partially fills the
Mississippi entrenched valley system. The average thickness of the southern halt ot
the
alluvium (south of latitude 33°) is 138 feet. The alluvium consists of a sequence
of
sediments that grades irregularly upward from coarse graveliferous sands mto progressively
finer deposits of sands, silts, and clays.
Surface Drainage: Excellent; length of principal waterway approximately 2,200
feet,
graded watershed surface flow to graded field waterways. Principal waterway
has a slope ot
0 1 percent and runs parallel to and 100 feet from one side of the watershed. Fifteen
field
waterways with a slope of 0.3 percent run perpendicular to the principal
waterway.
Character of Flow: Surface runoff-intermittent.
Instrumentation: Runoff: 4.5 foot deep precalibrated H-flume equipped with two Belfort
FW-1 recorders (6-hour and 12-hour time scale). Rainfall: Three Belfort weighing type
recording rain gauges, one with 6-hour time scale and two with 24-hour time scales.
Watershed Conditions: Permanent pasture reworked and seeded on a 5 -acre basis every 5
years. Predominantly employed species are dallisgrass, bermudagrass, S-1 clover, and
Persian clover.
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